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(54) Appliance to be implanted, method of collapsing the appliance and method of using the 
appliance 



(57) This invention relates to appliances for medical 
treatment. In particular, it relates to a device for intro- 
ducing an appliance to be implanted into a catheter, 
characterized by comprising an attachment provided at 
the open end of the catheter and which is closed at its 
open end by a first valve, and a cartridge removably 
attached to said attachment and having its interior 
space communicating with the interior space of said 
catheter when the cartridge is attached to the attach- 
ment and its open end closed by a second valve; and 



that the second valve of the cartridge is pushed open to 
introduce the appliance to be implanted into the car- 
tridge, the front end portion of the cartridge is inserted 
into the catheter by pushing open the first valve of the 
attachment with the second valve of the cartridge kept 
substantially closed, and the cartridge can be fixedly 
mounted to the attachment at a position when the car- 
tridge is inserted into the attachment. 
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Description 

[0001] This invention relates to a device for introduc- 
ing an appliance to be implanted into a catheter, in par- 
ticularly to appliances for medical treatment and, more s 
particularly, to an appliance collapsible for insertion into 
a human organ and capable of resilient restoration 
(which will be referred to as "the appliance to be 
implanted" in this specification and claims), to a method 
of collapsing the appliance to be implanted, and to a 10 
method of using the collapsed appliance to be 
implanted into a catheter. 

BACKGROUND ART 

15 

[0002] The artificial blood vessel is an example of the 
appliance to be implanted. At present, treatment of, for 
example, aortic aneurysm is conducted by implanting 
an artificial blood vessel. In particular, the portion of a 
blood vessel which has an aneurysm is removed by 20 
resection, and an artificial blood vessel is implanted in 
place of the resected portion and connected to the 
remaining blood vessel by suturing or the like. 
[0003] The above-mentioned method of surgically 
implanting the artificial blood vessel for treatment of aor- 25 
tic aneurysm, however, is highly dangerous. Especially, 
an emergency operation for treatment of a ruptured 
aneurysm has a low life-saving rate, and an operation of 
dissecting aortic aneurysm is difficult to conduct and 
has a high death rate. 30 
[0004] Therefore, in order to treat these diseases with- 
out a surgical operation, a method has been developed 
of introducing a catheter into an appliance such as an 
artificial Wood vessel in collapsed condition into a 
human organ such as a blood vessel, and transporting 35 
the appliance to a desired position such as an affected 
or constricted portion thereof, where the appliance is 
released so as to be expanded and implanted there. 
[0005] The appliance to be implanted is so con- 
structed that a pair of end wire rings which are flexibly 40 
foldable and elastic are arranged to divide themselves, 
each of the end wire rings is connected by a tubular 
cover which is made of a sheet of flexible and tensile 
material and an intermediate wire ring is arranged 
between both of the end wire rings and fixedly con- 45 
nected to the above-mentioned tubular cover by sutur- 
ing or with adhesive. 

[0006] As a method of collapsing the appliance to be 
implanted, the following method is adopted in which a 
plurality of hooking means for a pull string to be passed so 
are formed at every other dividing points each of which 
equally divides the circumference of the front end wire 
ring into an even number, the front end wire ring is 
folded into a wavy shape with the dividing points which 
are provided with a hooking means for a pull string form- 55 
ing forwardly directed peaks and the dividing points 
which are not provided with a hooking means for a pull 
string forming the bottoms of forwardly directed valleys, 



each of the intermediate wire rings and the rear end 
wire ring is folded into a wavy shape having the same 
phase as that of the front end wire ring and the whole 
artificial blood vessel is inserted into a catheter. 
[0007] The above-mentioned intermediate wire ring is 
inevitable because of several points of view, such as it 
provides the artificial blood vessel with a capability of 
keeping its tubular shape so as to fit a human body 
when arranged at a bent position in a body, thereby to 
prevent the artificial blood vessel from being pushed 
downstream. However, if such an intermediate wire ring 
is attached to the tubular cover, the appliance is easily 
prevented from being folded. The reason is that the 
tubular cover tries to follow the movement of the front 
end wire ring with forming big wrinkles near the front 
end wire ring when the front end wire ring is folded into 
a wavy shape since the tubular cover is connected to 
the front and rear end wire rings at both end portions 
thereof. However, as the tubular cover is made of a 
sheet, the locally formed wrinkles do not bring about 
transformations at the center of the tubular cover. 
Therefore, for example, if the whole area of the circum- 
ference of the intermediate wire ring is fixedly con- 
nected to the tubular cover, the center of the tubular 
cover is dragged at the specified positions of the circum- 
ference thereof toward the direction of the peak or the 
valley along the wavy shape of the intermediate wire 
ring and the whole tubular cover tends to be bulky as 
well as unfavorable load is applied to the intermediate 
wire ring because of the sliding resistance. Therefore, 
the intermediate wire ring may be hindered from being 
folded into a small size with forming a regular wavy form 
because of distortion of the direction the intermediate 
wire ring is to be folded as well as of folding force. Even 
though the intermediate wire ring is fixedly connected to 
the tubular cover only at several points of the circumfer- 
ence thereof each of which is spaced apart, the points 
selected at random will cause sliding resistance from 
the tubular cover toward the peaks or valleys, thereby to 
provide no effective means to solve the problems. 
[0008] In addition, the mutual interference between 
the intermediate wire ring and the tubular cover not only 
prevents the intermediate wire ring from being folded 
but also folds the appliance to be implanted imperfectly 
and insufficiently. Bent portion caused by the appliance 
to be implanted unnaturally folded will cut off the perma- 
nent function as a blood vessel. This also may hinder 
the movement of transporting the artificial blood vessel 
through a catheter and the function of the appliance to 
be implanted as it is intended to because of imperfect 
restoration of the appliance to be implanted even 
though the appliance to be implanted is released at a 
target portion. 

[0009] On the other hand, the blood vessel is distrib- 
uted variously in a body and, for example, an artery 
which comes from a heart is bifurcated at the groin of a 
thigh. If an affected part falls on the bifurcated part, the 
above mentioned cylindrical-shaped artificial blood ves- 



3 



EP 0 956 833 A2 



4 



sel can not be used as it is, so that it is inevitable that an 
artificial blood vessel whose shape fits for such a shape 
of Wood vessel should be developed. In addition, for 
implanting an artificial blood vessel in such a bifurcated 
part it is not enough just to transport the artificial blood 
vessel to a target position through a catheter and 
release it there. In this case, it is necessary to move the 
artificial blood vessel to be fit for a shape of the blood 
vessel at an target position after released, thereby 
requiring to develop a method of moving the artificial 
blood vessel. 

[001 0] The object of the invention is to solve all of the 
above-mentioned problems. 

DISCLOSURE OF THE INVENTION 

[0011] The appliance to be implanted in accordance 
with the invention is characterized by that comprising a 
front end wire ring, a rear end wire ring arranged facing 
to the front end wire ring, a tubular cover which con- 
nects the front end wire ring and the rear end wire ring, 
and a plurality of intermediate wire rings spaced apart 
from each other between the front end wire ring and the 
rear end wire ring, that each of the front end wire ring 
and the rear end wire ring and the intermediate wire 
rings are given flexibly foldable elasticity, that the cir- 
cumference of the front end wire ring is equally divided 
into four or an even number over four, hooking means 
are formed for a front pull string to be passed through at 
every other dividing point and that the circumference of 
the intermediate wire ring is fixed to the tubular cover by 
suturing or with adhesive at the positions which corre- 
spond to the midpoints between each adjacent two of 
the dividing points of the front end wire ring. 
[001 2] The appliance to be implanted may concretely 
be represented by that a single rear end wire ring is 
arranged to face to a single front end wire ring, or that 
parallely arranged two rear end wire rings are arranged 
to face to a single front end wire ring and a bifurcated 
tubular cover connects the front end wire ring and two 
rear end wire rings with forming a Y-shape. 
[0013] To improve the implanting state of the appli- 
ance to be implanted, it is effective that each of the front 
and rear end wire rings is circumferentially covered with 
an elastic protective material, thorns are provided on 
the circumference of at least one of the wire rings so as 
to stick into a human organ to be embedded therein, or 
a pole is provided to connect at least two adjacent wire 
rings. 

[0014] The method of collapsing the appliance to be 
implanted in accordance with the invention is character- 
ized by that the appliance to be implanted comprises a 
front end wire ring, a rear end wire ring arranged facing 
to the front end wire ring, a tubular cover which con- 
nects the front end wire ring and the rear end wire ring, 
and a plurality of intermediate wire rings spaced apart 
from each other between the front end wire ring and the 
rear end wire ring, that each of the front and rear end 



wire rings and the intermediate wire rings are given flex- 
ibly foldable elasticity, that the circumference of the front 
end wire ring is equally divided into four or an even 
number over four, hooking means are formed for a front 

5 pull string to be passed through at every other dividing 
point and that the circumference of the intermediate 
wire ring is fixed to the tubular cover by suturing or with 
adhesive at the positions which correspond to the mid- 
points between each adjacent two of the dividing points 

to of the front end wire ring, and that the method com- 
prises the steps of; folding the front end wire ring into a 
wavy shape with the dividing points each of which is 
provided with a hooking means forming forwardly 
directed peaks and the other dividing points forming the 

15 bottoms of forwardly directed valleys, and folding the 
intermediate wire rings and the rear end wire ring each 
into a way shape having the same phase as that of the 
front end wire ring, thereby to insert the whole appliance 
to be implanted into a catheter. 

20 [001 5] If the number of the dividing points are four, it 
is effective to pick the whole appliance to be implanted 
by forceps along a generatrix which passes two points 
facing each other on the front end wire ring and each of 
which is provided with a hooking means and then to 

25 insert the appliance to be implanted together with the 
forceps into the tunneled tube from a big portion of the 
tunneled tube toward a small portion thereof, and finally 
to pull the forceps out of the tunneled tube. 
[0016] The forceps may preferably be provided with 

30 serrate engaging member which lessens a sliding 
resistance between the appliance to be implanted and 
the forceps toward the direction to be pulled than that to 
be inserted. 

[0017] For inserting an appliance to be implanted 
35 which has been kept in a collapsed condition into a 
catheter, it is effective that a pair of strings each of 
which has a loop at the tip thereof are provided for each 
of the wire rings respectively, that the strings are 
engaged with either one of the wire ring or the tubular 
40 cover at the positions of the circumference of each wire 
rings which correspond to the midpoints between two 
adjacent dividing points of the front end wire ring, and 
one of the strings is wound around the wire ring clock- 
wise until it reaches the backward of the wire ring while 
45 the other string is wound around the wire ring counter- 
clockwise until it reaches the backward of the wire ring, 
that a retaining rod is passed through the part at which 
each of the loops overlaps, and that each of the strings 
is tied each other so as to keep each of the wire rings in 
so a collapsed condition. The retaining rod may preferably 
comprise a tube and a wire which is inserted into and 
passed through the tube. It is especially advantageous 
that after the wire rings are kept in a collapsed condi- 
tion, the tube is pulled out so as to keep the collapsed 
55 condition by the wire alone. 

[0018] For collapsing each wire rings into a wavy 
shape by inserting the appliance to be implanted into a 
tunneled tube from a big portion of the tunneled tube 
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toward a small portion thereof, it is effective the appli- 
ance has previously been contained in a pipe member 
having a diameter which is bigger than that of the small 
portion of the funneled tube and smaller than that of the 
big portion of the funneled tube. 
[0019] The method of using the appliance to be 
implanted in accordance with the invention is character- 
ized by that the appliance to be implanted comprises a 
single front end wire ring, paralleiy arranged two rear 
end wire rings facing to the front end wire ring, and a Y- 
shaped tubular cover connecting the front end wire ring 
and the rear end wire rings, in order to implant the appli- 
ance to be implanted into a Y-shaped portion having two 
branches bifurcated from a single trunk a front hooking 
means is formed at the front end wire ring for pulling 
whole of the appliance to be implanted forward and a 
rear hooking means is formed at each of the rear end 
wire rings for pulling the appliance to be implanted rear- 
ward respectively, and that the method comprises the 
steps of; pulling the front hooking means of the front end 
wire ring toward the target portion to be implanted so as 
to transport the appliance to be implanted through one 
of the branches to the trunk, and then pulling each of 
two rear hooking means of the rear end wire rings so as 
to drag each of the rear end wire rings to one of the 
branches and to the other branch respectively. 
[0020] For inserting one of the rear hooking means of 
the appliance to be implanted into one of the branches 
of a Y-shaped portion to be implanted and dragging it 
into other branch thereof, it is effective that a device for 
transporting an appliance to be implanted is attached to 
the rear hooking means of the appliance to be 
implanted so as to urge the appliance to be implanted 
rearward when the appliance to be implanted is trans- 
ported to near the trunk through one of the branches 
and that the device for transporting an appliance which 
is attached to one of the rear hooking means of the 
appliance to be implanted is caught and dragged into 
other branch by a catcher which has been inserted into 
near the trunk through other branch. 
[0021 ] For securely catching the device for transport- 
ing an appliance by a catcher, it is preferable that the 
device for transporting an appliance to be implanted 
which is to be dragged out of the body by a catcher is 
transported to a portion to be implanted through one of 
the branches with the front end of the device engaged 
with the rear hooking means, that the base end of the 
device is turned down and transported to the portion to 
be implanted through the same branch, and then the 
base end of the device is caught by the catcher. 
[0022] For effectively preventing the device for trans- 
porting an appliance to be implanted from entangling in 
the appliance to be implanted, it is preferable to adopt a 
method that comprises steps of ; arranging a guide pipe 
which has a valve at the base end thereof along one of 
the branches and into which the front end of the device 
for transporting an appliance has previously been 
inserted through a hole provided on the valve by being 



pushed to open the hole with making use of the elastic- 
ity of the hole, pushing the base end of the device for 
transporting an appliance which is turned down so as to 
be inserted into the guide pipe through other hole pro- 
5 vided on the valve so as to open the hole with resisting 
the elasticity of the hole, and pulling the catcher which 
catches the base end of the device for transporting an 
appliance so that the two holes become continuous 
each other and the turned down portion of the device for 
r0 transporting an appliance is contained in the guide pipe. 
[0023] For making it easy to transport the appliance to 
be implanted it is preferable that a pair of strings each of 
which has a loop at the tip thereof are provided for each 
of the wire rings respectively, that the strings are 
is engaged with the tubular cover at the positions of the 
circumference of each wire rings which correspond to 
the midpoints between two adjacent dividing points of 
the front end wire ring, and one of the strings is wound 
around the wire ring clockwise until it reaches the back- 
so ward of the wire ring while the other string is wound 
around the wire ring counterclockwise until it reaches 
the backward of the wire ring, that a retaining rod is 
passed through the part at which each of the loops over- 
laps, and that each of the strings is tied each other so as 
25 to keep each of the wire rings in a collapsed condition. 
[0024] For making use of the appliance to be 
implanted more generally even though the shape of the 
portion into which the appliance to be implanted is 
implanted varies it is effective to adopt a method of 
30 using the appliance to be implanted that at least two 
appliances to be implanted are prepared, that the front 
end wire ring of the appliance to be implanted which is 
inserted later locates in front of the rear end wire ring of 
the other appliances to be implanted which is inserted 
35 former, and that the appliance is connected to the adja- 
cent appliance with each other partially overlapped at 
the adjacent position. In this case, it is especially prefer- 
able that the appliance to be implanted arranged down- 
stream has a diameter which is smaller than that of the 
40 appliance to be implanted arranged upstream and the 
appliance to be implanted downstream is partially 
inserted into the appliance to be implanted upstream. 
[0025] With the appliance to be implanted and the 
method of collapsing the appliance to be implanted in 
45 accordance with the invention, the operation of collaps- 
ing the appliance to be implanted can be conducted 
smoothly and the condition of which the appliance is 
implanted becomes satisfactory. In other wards, as the 
intermediate wire ring is collapsed into a wavy shape 
so having the same phase as that of the front end wire ring, 
to put it in an extreme way each of the points on the cir- 
cumference corresponding to the dividing points forms 
a peak of a mountain or a bottom of a valley formed 
between two mountains by taking turns while the posi- 
55 tions corresponding to midpoints between each adja- 
cent two of the dividing points move neither frontward 
nor rearward at all. As the intermediate wire rings are 
fixedly attached to the tubular cover at several points 
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each spaced apart, the portions of the intermediate wire 
ring which bent most when being folded are free of the 
tubular cover. This makes the intermediate wire ring 
free from dragging resistance from the tubular cover, 
thereby to secure the free movement to be collapsed 
with ease. In addition, as the intermediate wire ring is 
collapsed into a wavy shape as well as the front end 
wire ring, the whole appliance is given a big folding rate, 
thereby to secure a compact collapsed state and good 
transporting movement through a catheter for a rela- 
tively bulky appliance to be implanted. In addition, in 
accordance with the arrangement, if the appliance to be 
implanted is released at a target position in a blood ves- 
sel, the dividing points are restored toward right-angled 
direction to the blood vessel, and the end portion of the 
appliance to be implanted certainly open and does not 
close the inner space thereof. This helps the appliance 
to be implanted to appropriately follow the movement of 
the constantly pulsating blood vessel with close adher- 
ence as well as improves a rate of successful implanta- 
tion. The above-mentioned operation functions for not 
only a simple tubular shaped appliance to be implanted 
but also a bifurcated Y-shaped appliance to be 
implanted. 

[0026] Elastic protective material circumferential ly 
covering the wire rings of the appliance to be implanted 
is useful to prevent the inner wall of a human organ from 
being damaged by direct contact with the wire rings. 
The protective material also acts as a seal to attach 
both ends of the appliance to be implanted tightly to the 
inner wall of a human body, thereby to effectively pre- 
vent leakage of blood through the ends of the appliance 
when implanted. 

[0027] When thorns are provided projecting from the 
wire rings, they stick into the inner wall of a human 
organ to be embedded therein so that the whole appli- 
ance is fixed to the human organ. Therefore, the thorns 
effectively prevent the appliance to be implanted from 
being displaced or even carried by blood flow down- 
stream in a blood vessel. 

[0028] It can effectively improve the tubular shape of 
the whole appliance to be implanted in the strength and 
the construction if at least two of the adjacent wire rings 
are connected by a rod. 

[0029] If the number of the dividing points is four, it is 
extremely easy to fold the appliance to be implanted by 
using a pair of forceps. Namely, if the appliance to be 
implanted is inserted into the funneled tube with the 
whole appliance picked by forceps along a generatrix 
which passes two points lacing each other on the front 
end wire ring each of which is provided with a hooking 
means, the points picked by the forceps are carried in 
advance from the big portion to the small portion of the 
funneled tube while other points approach each other 
with restrained by a tapered surface of the inner wall of 
the funneled tube from moving forward following the 
points having a hooking means. The points picked by 
the forceps inevitably form a peak of a mountain and the 



midpoints between two adjacent points picked by the 
forceps form a bottom of a valley, thereby to fold the 
appliance to be implanted into an appropriate wavy 
shape. In this case, the intermediate wire rings are eas- 
5 ily transformed to the direction so as to form a mountain 
and a valley with the points on the circumference of the 
intermediate wire ring corresponding to the midpoints 
between two adjacent dividing points on the front end 
wire ring serving as fulcrum, which makes the operation 
10 of folding the appliance smooth and appropriate. 

[0030] In this case, if the forceps are provided with 
serrate engaging member, the pushing force applied to 
the forceps can effectively be transformed to a force of 
propelling the appliance to be implanted by making use 
is of the serrations of the engaging member when insert- 
ing the appliance to be implanted, and the forceps can 
be smoothly withdrawn from the funneled tube without 
dragging the appliance to be implanted by making use 
of the serrations of the engaging member. 
20 [0031 ] If the points on the circumference of the inter- 
mediate wire ring corresponding to the midpoints 
between two adjacent dividing points are tied by a pair 
of strings each of which has a loop at the tip thereof and 
a retaining rod is passed through the part at which each 
25 of the loops overlaps, the appliance to be implanted is 
kept in a collapsed condition. This makes it possible that 
the appliance to be implanted is inserted into a catheter 
without using a funneled tube. This also makes it easy 
to adjust the position at which the appliance is 
30 implanted because the appliance to be implanted can 
be kept in a collapsed condition after it is released from 
the catheter. This method is useful especially for the 
appliance to be implanted whose shape is bifurcated. In 
addition, if the retaining rod is pulled out, the loops over- 
35 lapping each other are released from binding and free to 
move. As the portion at which the stings are sewed to 
the tubular cover is loosened, the force to keep the 
appliance to be implanted in a collapsed condition is 
released, and then the appliance to be implanted is 
40 restored to the original shape without bound by strings. 
In this case, as the strings are used as not a single but 
a pair, even though one of the strings might get stuck on 
the way, the appliance to be implanted is guaranteed to 
restore by another string. 
45 [0032] If the retaining rod comprising a tube and a 
wire is used and the tube is pulled out with the wire left 
in a collapsed condition, the whole appliance to be 
implanted remains flexible with the wire functioning as 
the retaining rod. This makes it possible that the appli- 
50 ance to be implanted passes smoothly through the bent 
portion or the like when transported in a collapsed con- 
dition. 

[0033] If the appliance to be implanted has previously 
been contained in a pipe member having a diameter 
55 bigger than that of the small portion of the funneled tube 
and smaller than that of the big portion of the funneled 
tube, it saves the operation of collapsing the appliance 
to be implanted. Just inserting the pipe member into the 
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tunneled tube so as to make abutting engagement with 
the inner surface of the tunneled tube and pulling out 
the appliance to be implanted from the side of the front 
end wire ring enables the appliance to be implanted to 
be collapsed into a smaller size so as to be inserted into 5 
the small portion of the tunneled tube and a catheter. 
[0034] With the method of using the appliance to be 
implanted in accordance with the invention, a Y-shaped 
appliance to be implanted can effectively be transported 
to be implanted into a portion at which a blood vessel 10 
branches out into two, thereby to greatly improve the 
appliance to be implanted in use generally and practi- 
cally. 

[0035] In this case, if a catcher is inserted into near 
the portion to be implanted and catches a device for 15 
transporting the appliance which is attached to one of 
the rear end wire rings of the appliance to be implanted, 
it can be extremely easy to fix the appliance to be 
implanted into a bifurcated portion to be implanted. 
[0036] If the front end of the device for transporting the 20 
appliance is engaged with the appliance to be implanted 
and the base end of the device for transporting the 
appliance is turned down so as to be caught by the 
catcher, it becomes easy to arrange the device for trans- 
porting the appliance at a position where it is easy for 25 
the catcher to catch. As a result of this, the accuracy 
and the efficiency of implanting the appliance to be 
implanted is effectively improved. 
[0037] During the above process if a guide pipe hav- 
ing a valve is used, it becomes possible to guide the 30 
base end of the device for transporting the appliance to 
a position preferable to be caught with not only prevent- 
ing bleeding but also preventing the device for transport- 
ing the appliance from entangling in the appliance to be 
implanted. 35 
[0038] If a pair of the appliances to be implanted in 
accordance with the invention are connected to partially 
overlap, it can change the length of the connected appli- 
ances relatively freely by adjusting the length of the 
overlapped portion. This makes it possible to commonly 40 
use the same standardized appliances to be implanted 
for the organ into which the appliance is to be implanted 
even though the length or the shape of the organ varies 
a little. If the appliance to be implanted arranged down- 
stream is partially inserted into the appliance to be 45 
implanted arranged upstream, not only both of the appli- 
ances to be implanted can be connected smoothly but 
also the appliance can be implanted satisfactory so as 
to fit the shape of the blood vessel into which the appli- 
ance is to be implanted because usually blood vessels so 
are gradually smaller in diameter from upstream to 
downstream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0039] 

Fig. 1 is a perspective view of an artificial blood ves- 



sel used in one embodiment of the invention. Fig. 2 
is a vertical cross-sectional view of part of the artifi- 
cial blood vessel. Fig. 3 is an enlarged perspective 
view of part of the intermediate wire ring constitut- 
ing the artificial blood vessel. Fig. 4 shows a condi- 
tion how the intermediate wire ring is fixed to the 
tubular cover. Fig. 5 is a perspective view of a 
device for transporting the artificial blood vessel, 
used in the embodiment. Fig. 6 is a perspective 
view of a device for introducing the artificial blood 
vessel, used in the embodiment. Fig. 7 is a per- 
spective view of a cartridge constituting the device 
for introducing the artificial blood vessel. Fig. 8 is an 
enlarged vertical cross-sectional view of part of the 
attachment shown in Fig. 6. Fig. 9 is an enlarged 
vertical cross-sectional view of part of the cartridge 
shown in Fig. 6. Fig. 10 is a side view showing a 
tunneled tube, used in the embodiment. Fig. 1 1 is a 
side view showing forceps, used in the embodi- 
ment. Fig. 12 is a perspective view of the artificial 
blood vessel through which the device for transport- 
ing the artificial blood vessel is loosely inserted. 
Fig. 1 3 is a perspective view showing a step to hold 
the artificial blood vessel by means of the device for 
transporting the artificial blood vessel. Fig. 14 is a 
perspective view showing a step to hold the artificial 
blood vessel by means of the device for transport- 
ing the artificial blood vessel. Fig. 15 is an enlarged 
perspective view showing part of the artificial blood 
vessel kept by the device for transporting the artifi- 
cial blood vessel. Fig. 16 is a perspective view 
showing a step to introduce the artificial blood ves- 
sel into a catheter. Fig. 17 is a perspective view 
showing a step to introduce the artificial blood ves- 
sel into the catheter. Fig. 18 is a perspective view 
showing a step to introduce the artificial blood ves- 
sel into the catheter by means of the forceps. Fig. 
19 shows the front end wire ring of the artificial 
blood vessel being folded. Fig. 20 shows the front 
end wire ring of the artificial blood vessel being 
folded. Fig. 21 shows the front end wire ring of the 
artificial blood vessel being folded. Fig. 22 shows 
the front end wire ring of the artificial blood vessel 
being folded in a funneled tube. Fig. 23 is a per- 
spective view showing the intermediate wire rings 
of the artificial blood vessel being folded. Fig. 24 is 
an expanded view showing the intermediate wire 
rings of the artificial blood vessel being folded. Fig. 
25 is a partly cut-out side view showing the artificial 
blood vessel inserted into the cartridge. Fig. 26 is a 
diagram showing each of the wire rings being 
folded. Fig. 27 is a partly cut-out side view showing 
the cartridge from which the funneled tube is drawn 
out. Fig. 28 is a partly cut-out side view showing the 
cartridge connected to the attachment. Fig. 29 is a 
cross-sectional view showing the artificial blood 
vessel transported to the affected portion. Fig. 30 
shows a step to release the artificial Wood vessel at 
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an affected part in a blood vessel. Fig. 31 shows a 
step to release the artificial Wood vessel at the 
affected part in the blood vessel. Fig. 32 is a cross- 
sectional view showing the artificial blood vessel 
released at the affected portion in the blood vessel, s 
Fig. 33 shows a step to expand the artificial blood 
vessel by means of a balloon catheter. Fig. 34 is a 
perspective view of the artificial blood vessel use in 
another embodiment of the invention. Fig. 35 is a 
perspective view showing the artificial blood vessel w 
which has previously been folded by means of a 
string. Fig. 36 is a perspective view showing a pro- 
cedure of folding the artificial blood vessel by 
means of a string. Fig. 37 is a perspective view 
showing the artificial blood vessel around which a 15 
string is wound. Fig. 38 is a perspective view show- 
ing a device for transporting the artificial blood ves- 
sel. Fig. 39 is a perspective view showing a device 
for transporting the artificial blood vessel to pull the 
rear end wire ring of the artificial blood vessel 20 
shown in Fig. 38. Fig. 40 shows the principle how 
the artificial blood vessel of the embodiment is 
used. Fig. 41 shows the principle how the artificial 
Wood vessel of the embodiment is used. Fig. 42 
shows the principle how the artificial blood vessel of 25 
the embodiment is used. Fig. 43 shows the princi- 
ple how the artificial blood vessel of the embodi- 
ment is used. Fig. 44 is a diagram showing an 
artif icial blood vessel in accordance with a different 
embodiment of the invention. Fig. 45 is a diagram 30 
showing an artificial blood vessel in accordance 
with a further different embodiment of the invention. 
Fig. 46 is a perspective view showing a device for 
transporting the artificial blood vessel in accord- 
ance with a further different embodiment of the 35 
invention. Fig. 47 shows a method of collapsing the 
artificial blood vessel in accordance with further dif- 
ferent embodiment of the invention. Fig. 48 shows a 
method of using the artificial blood vessel in accord- 
ance with further different embodiment of the inven- 40 
Won. Fig. 49 is a view showing a condition of a 
method of using in accordance with further different 
embodiment of the invention. Fig. 50 is a view 
showing a condition just before the method of using 
has been f inished. Fig. 51 is a view showing a valve 45 
used for a sheath of the embodiment. Fig. 52 is a 
view showing other valve which can be utilized 
instead of the valve shown in Fig. 51. Fig. 53 is a 
view showing a valve used for a guide pipe of the 
embodiment. Fig. 54 is a view showing a modif ica- 50 
tion of the device for transporting an artificial blood 
vessel. Fig. 55 is a cross-sectional view taken along 
the line X1-X1 of Fig. 54. Fig. 56 is a cross-sec- 
tional view taken along the line Y1-Y1 of Fig. 54. 
Fig. 57 is a cross-sectional view taken along the 55 
line Z1-Z1 of Fig. 54. Fig. 58 is a view of the device 
for transporting the artificial blood vessel shown in 
Fig. 55 viewed from a different angle. Fig. 59 is a 



view showing a modif ication of the device for trans- 
porting the artificial blood vessel. Fig. 60 is a cross- 
sectional view taken along the line X2-X2 of Fig. 59. 
Fig. 61 is a cross-sectional view taken along the 
line Y2-Y2 of Fig. 59. Fig. 62 is a cross-sectional 
view taken along the line Z2-Z2 of Fig. 59. Fig. 63 is 
a view of the device for transporting an artificial 
blood vessel shown in Fig. 59 viewed from a differ- 
ent angle. Fig. 64 is a cross-sectional view showing 
a modification corresponding to Fig. 62, Fig. 65 is a 
view showing a modification different from the 
above of the device for transporting the artificial 
blood vessel. Fig. 66 is a cross-sectional view taken 
along the line X3-X3 of Fig. 65. Fig. 67 is a cross- 
sectional view taken along the line Z3-Z3 of Fig. 65. 
Fig. 68 is a view showing a modification different 
from the above of the device for transporting the 
artificial blood vessel. Fig. 69 is a cross-sectional 
view taken along the line Z4-Z4 of Fig. 68. Fig. 70 is 
a cross-sectional view taken along the line Z3-Z3 of 
Fig. 68. Fig. 71 is a view showing a modification of 
an artif icial blood vessel. 

BEST MODES OF EMBODYING THE INVENTION 

[0040] The invention will be described in detail with 
reference to the embodiments thereof shown in the 
accompanying drawings. 

[0041 ] The artificial Wood vessel A as the appliance to 
be implanted, which is collapsed by the method in 
accordance with this invention, comprises, as shown in 
Fig. 1 , a cover 7, end wire rings 10 1t 10 2 and intermedi- 
ate wire rings 12. 

[0042] The cover 7, as shown in Fig. 2, consists of a 
flexible, tensile sheet shaped into a tube of bellows, the 
normal diameter of which generally corresponds to the 
shape of that portion of the human blood vessel at 
which the artificial blood vessel A is to be implanted. 
The sheet of the cover 7 is, for example, of warps 
extending in the axial direction of the artificial blood ves- 
sel A woven with wefts extending in the circumferential 
direction thereof, wherein the warps are of mono-fila- 
ment made of polyester (about 15 denier) and the wefts 
are of multi-filament made of a plurality of superfine fila- 
ments (about 50 denier) interwoven. The wefts are addi- 
tionally woven with thread of polyethylene of about 10 
denier to make the sheet of the cover 7 thinner and 
stronger. The cover 7 is coated, if necessary, with water- 
proof material, for example, collagen or albumin, to pre- 
vent leakage of blood. 

[0043] The front and rear end wire rings 10 lf 10 2 , 
whose inner diameter generally corresponds to that of 
the above-mentioned cover 7, are axially spaced apart 
and arranged face to face, and are fixed to the opposite 
ends of the cover 7 by suturing or with adhesive as 
shown in Fig. 2. As shown in Fig. 1, loop-shaped front 
hooking means 1 3 are formed at a pair of dividing points 
41 1 and 43i facing each other across the axis of four 
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dividing points 41 V AZ V 43 1 , 44! each of which equally 
quadrisects the circumference of the front end wire ring 
10v The hooking means 13 in accordance with the 
embodiment are formed of string. It may not necessarily 
be of string, but a hole directly formed on the cover 7 
may be utilized as the hooking means, if there is no trou- 
ble. The circumferences of the front and rear end wire 
rings 10i, 10 2 are covered with protective braid mem- 
bers 10a, as shown in Figs. 1 and 2, which are closely 
fixed to the end wire rings 10 1f 10 2 at appropriate posi- 
tions with thread, adhesive or the like. TTie protective 
braid members 10a are made of, for example, polyester 
fiber tied up in a bundle like cotton. For especially small 
in diameter Wood vessels into which the artificial blood 
vessel A is to be implanted the protective braid mem- 
bers 10a are preferably attached to the positions dis- 
placed ahead to the end wire rings 10 1t 10 2 . This is 
because the protective braid members 10a can be 
pushed to move to appropriate positions at which adja- 
cent the end wire rings 10 1f 10 2 is covered as shown 
imaginary lines in Fig. 2 when transporting resistance is 
applied to. 

[0044] A plurality of intermediate wire rings 12, each 
of which comprises, as shown in Figs. 1 through 4, wire 
rings 12a wrapped with protective film 12b made of 
cloth or the like, are arranged axially and general-equi- 
distantly spaced between the front and rear end wire 
rings 10-t and 10 2 , and fixed to the cover 7 at specified 
positions on the circumference thereof with thread, 
adhesive or the like. The specified positions are the 
points 513, 523, 533, and 543 on the circumference 
each of which corresponds to the midpoint 51 ! between 
the dividing points 41 ! , 42 1 of the end wire ring 10-,, the 
midpoint 52<\ between the dividing points 42 1t 43 1p the 
midpoint 53i between the dividing points 43! , 44! and 
the midpoint 54! between the dividing points 44! , 
respectively, more specifically, the points at which each 
of the generatrices l v / 2 , / 3 , and / 4 passing through the 
midpoints 51 1§ 52 t , 53! . and 54! of the end wire rings 
10! crosses the intermediate wire rings 12. The above- 
mentioned front and rear end wire rings 10 1f 10 2 and 
the intermediate wire rings 12 help keep the tubular 
shape of the cover 7. 

[0045] Some of the intermediate wire rings 1 2 are pro- 
vided with thorns 1 2a! which are formed at two diamet- 
rically opposite positions on each of the circumference 
thereof and which stick into a human organ so as to be 
embedded therein. In particular, the wires 12a of the 
intermediate rings 12 as well as those of the front and 
rear end wire rings 10 1p 10 2 are made of Ti-Ni alloy or 
the like. The wires of Ti-Ni alloy have a high resilient 
restoring force, but are hard to weld. Then as shown in 
Fig. 3, a partially cylindrical shaped fixing member 12c 
into which the intermediate wire ring 12 is loosely 
inserted and a thorn 12a! preformed into U-shape or V- 
shape are prepared. Then the thorn 12a! is passed 
through and inserted into the gap between the interme- 
diate wire ring 12 and the fixing member 12c. And finally 



the fixing member 12c is riveted and bound with a string 
or the like so as to fix the thorn 1 2ai to the intermediate 
wire ring 12. The positions at which each of the thorns 
12a! is provided correspond to the above-mentioned 
5 positions 51 3, 52 3 , 53 3 and 54 3 . 

[0046] In order to implant the artificial blood vessel A 
of the above-mentioned construction into a target organ 
of a human body, a device B for transporting the artificial 
blood vessel (see Fig. 5) is used to transport the artifi- 
10 cial blood vessel A to the target organ of the human 
body through the catheter 8 and a device £for introduc- 
ing the artificial Wood vessel (see Fig. 6) is used to intro- 
duce the artificial blood vessel A into the catheter 8. 
[0047] The device S for transporting the artificial blood 
15 vessel, as shown in Fig. 5, comprises a flexible metallic 
tube 2 whose front end portion is connected to a helical 
spring 2a for guiding, a side window 1 formed adjacent 
the front end of the tube 2, a pair of strings 4 having both 
their ends fixed to the tube 2 adjacent the side window 
20 1 and their middle portions formed into loops to be 
looped portions 4a, and a length of wire 3 slidably 
inserted into the tube 2. Instead of the above-mentioned 
helical spring 2a for guiding, a flexible tube may be 
used. The device for transporting the artificial blood ves- 
25 sel may comprise only the tube 2 and a length of wire 3, 
which will be described later. 
[0048] The device £ for introducing the artificial blood 
vessel, as shown in Fig. 6, comprises an attachment 5 
integrally connected to the catheter 8 through an open 
30 end 8a thereof, and a cartridge 6 removably attached to 
the attachment 5. As shown in Figs. 6 and 8, the attach- 
ment 5 comprises a first and a second annular member 
51, 52 which are internally threaded to form female 
screws, and a third annular member 53 which is exter- 
35 nally threaded to form male screws at opposite ends, 
which engages the above-mentioned female screws 
thereby to connect the internal space of the first and the 
second annular members 51, 52 at its male screw part. 
The catheter 8 is formed to have an open end 8a of a lit- 
40 tie larger diameter and attached to the tip of the male 
screw of the above-mentioned third annular member 53 
at its open end 8a. Then the third annular member 53 is 
liquidtightly joins the interior of the open end 8a of the 
catheter 8. Inside the second annular member 52 pro- 
45 vided is a check valve 55 made of elastic membrane to 
close the open end thereof and outside of it fittingly pro- 
vided is a cylinder-shaped helical member 52a having a 
helical groove. The cartridge 6, as shown in Figs. 6, 7 
and 9, comprises first and second annular members 61 , 
so 62 which are internally threaded to provide internal 
female screws, a third annular member 63 which is 
externally threaded to form male screws at opposite 
ends, which engage the above-mentioned female 
screws at opposite ends to connect the first and second 
55 annular members 61 , 62, a straw member 64 whose 
rear end is liquidtightly attached to the tip of one of the 
male screw parts of the third annular member 63 and 
the front end of which is extending toward the direction 
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to which the cartridge 6 is inserted, a cylinder-shaped 
guide pipe 65 having an internal diameter which can 
contain the straw member 64, one of whose ends inte- 
grally connected to the first annular member 61 and the 
other end thereof provided with a big portion 65a, and a 
cap 66 which is slidably movable along the axial direc- 
tion of the guide pipe 65 and loosely fit to the external of 
the guide pipe 65 and inside of which formed is a helical 
groove which helically connects the helical member 52a 
of the attachment 5. A check valve 68 made of elastic 
membrane is provided inside the second annular mem- 
ber 62 to close the open end thereof. 
[0049] As shown in Fig. 6, the straw member 64 of the 
cartridge 6 is so constructed that the front end portion 
6a thereof is removably fitted into the rear end portion 
5a of the attachment 5. In particular, as shown in Figs. 
6, 8, and 9, the bore diameter d-i adjacent the open end 
8a of the catheter 8 is set generally the same as or a lit- 
tle larger than the bore diameter d 2 of the straw member 
64 of the cartridge 6, and the length Lg of the straw 
member 64 extending from the big portion 65a of the 
guide pipe 65 is set approximately equal to the length L-i 
between the end portion 5a of the attachment 5 and the 
position a little deep from the open end 8a of the cathe- 
ter 8. The big portion 65a formed on one end of the car- 
tridge 6 is made abutting engagement with the end 
portion 5a of the attachment 5 with the cap 66 helically 
mounted to the outer surface of the cylinder-shaped hel- 
ical member 52a as shown in Fig. 28, and the front end 
portion 6a of the straw member 64 is inserted into the 
open end 8a of the catheter 8 so that the straw member 
64 is smoothly connected to inside of the open end 8a 
of the catheter 8. The above-mentioned check valves 
55, 68 are made of elastic membrane, in each of which 
a normally closed hole, not shown in drawings, is 
formed. 

[0050] A tunneled tube 1 8 as a guide tube and forceps 
19, as shown in Figs. 10 and 11, are provided to help 
collapse the artificial blood vessel A. The tunneled tube 
18 is provided with an enlarged inlet opening 18a of an 
enlarged diameter at the rear end portion, through 
which the tubular artificial blood vessel A is inserted into 
the tunneled tube 18. The tunneled tube 18 is gradually 
reduced in diameter from the enlarged inlet opening 18a 
to end in a tubular connector 18b of a smaller diameter 
at the front end portion thereof, so that the tube 18 has 
a tapered inner surface 1 8d. The tunneled tube 1 8 is, as 
shown in Fig. 25, removably connected to the cartridge 
6 by inserting the front connector 18b into the rear end 
portion 6b of the cartridge 6. The forceps 19 are used 
for picking the artificial blood vessel A so as to insert it 
into the tunneled tube 18. The forceps 19 are provided 
on its picking surface with an engaging member 19a 
having serrations against the direction to be inserted 
and for the direction to be pulled out so as to lessen the 
sliding resistance between the forceps 19 and the artifi- 
cial blood vessel A when the forceps 19 are inserted rel- 
atively smaller than that when pulled out. 



[0051] The process of collapsing the artificial blood 
vessel A and implanting it into a position to be 
implanted, namely, a target portion (an affected part 26 
in Fig. 29) of a blood vessel 9 by means of the device B 

5 for transporting the artificial Wood vessel and the device 
Q for introducing the artif icial blood vessel of the above- 
mentioned constructions, will now be described below. 
[0052] First, the tube 2 of the device B for transporting 
the artificial blood vessel is inserted through the artificial 

w blood vessel A as shown in Fig. 12, and each of a pair 
of strings 4 is passed through each hooking means 13 
of the artificial blood vessel A as shown in Fig. 13, and 
the looped portions of the strings 4 overlap as shown at 
4a. Next, a wire 3 has its forward end taken out of the 

is side window 1 as shown in Fig. 14, and the overlapped 
portions of the looped portions 4a are hooked over the 
wire 3, and then the wire 3 has its forward end inserted 
again into the tube 2 through the side window 1 so as to 
hold the artificial blood vessel A on the wire 3 and the 

20 tube 2 through the strings 4 as shown in Fig. 1 5. Then, 
the artificial blood vessel A is inserted into the cartridge 
6 shown in Fig. 6 through the tunneled tube 18 and with 
the forceps 19. In particular, the forceps 19 are put 
along the generatrices each of which passes through 

25 the dividing points 41 ^ and 43-j with a common front pull 
string 20 being passed through the front hooking means 
13 provided at the dividing points 41 1f 43^ on the front 
end wire ring ^ of the artificial blood vessel A as 
shown in Fig. 16. Prior to this operation a balloon cath- 

30 eter 23, as shown in Fig. 17, may be attached to the 
tube 2, if necessary. The balloon catheter 23 comprises 
a pipe 23a, a balloon 23b formed on the front end por- 
tion of the pipe 23a, and an opening 23c provided in the 
rear end of the pipe 23a for air to be introduced into or 

35 taken out of the above-mentioned balloon 23b through 
the pipe 23a. The pipe 23a is loosely fitted over the tube 
2 of the above-mentioned device B for transporting the 
artificial blood vessel. In other words, the rear end por- 
tion of the tube 2 of the device B for transporting the arti- 

40 f icial blood vessel is drawn outside from the rear end of 
the balloon 23b of the balloon catheter 23 while the front 
end portion of the tube 2 is passed through the balloon 
23b of the balloon catheter 23 and exposed outside, 
with the portions of the catheter 23 through which the 

45 tube 2 is passed being airtightiy sealed. The rear end 
portion of the pipe 23a is removably connected to the 
tube 2 of the device B for transporting the artificial blood 
vessel by a fixing member 24, and the balloon catheter 
23 and the tube 2 of the device B for transporting the 

so artificial blood vessel can be moved together as a unit 
longitudinally when the fixing member 24 is fastened, 
and the balloon catheter 23 can be moved longitudinally 
relative to the tube 2 of the device B when the fixing 
member 24 is loosened. The balloon catheter 23 is so 
55 positioned that the front end thereof is spaced about 2 
to 3 cm apart from the rear end of the artificial blood 
vessel A loosely fitted over the tube 2. Then the fixing 
member 24 on the balloon catheter 23 is fastened to fix 



17 



EP0 956 833 A2 



18 



the catheter 23 to the tube 2 so that the catheter 23 and 
the tube 2 can be moved together as a unit. 
[0053] Before or after the above step, the funneled 
tube 18 is attached to a cartridge 6 as shown in Fig. 18. 
In attaching the funneled tube 18 to the cartridge 6, the 
connector 18b of the funneled tube 18 is inserted into 
the annular member 62 of the cartridge 6 so that the 
check valve 68 of elastic membrane provided inside the 
annular member 62 is pushed open by the connector 
18b of the funneled tube 18 as shown in Fig. 25, and the 
connector 18b is inserted a little deep into the straw 64 
of the cartridge 6. Then the artificial blood vessel A is 
inserted into inside of the funneled tube 18 through the 
enlarged inlet opening 18a with picked by forceps as 
shown in Fig. 18. The front pull string 20 is inserted into 
the funneled tube 18 through the enlarged inlet opening 
1 8a thereof and withdrawn forward through the straw 64 
at the front end of the cartridge 6, with the tube 2 
inserted a certain length into the funneled tube 18. 
Under the condition, the front pull string 20 is pulled for- 
warcl to introduce the artificial blood vessel A into the 
funneled tube 18 through the enlarged inlet opening 18a 
thereof. 

[0054] Then the front end wire ring 1 0i of the artificial 
blood vessel A is deformed to be fiat as shown in Figs. 
19 and 20 with the positions picked up by the forceps 
19, namely the dividing points 41 1( 43^ approaching 
toward each other to be pushed into the funneled tube 
18 while the other dividing points 42 1t 44^ restrained 
from the movement toward the tubular connector 1 8b by 
sliding contact with the tapered inner surface 18d of the 
funneled tube 18. When the front end wire ring 10 1 
reaches adjacent the tubular connector 18b of the fun- 
neled tube 18, the front end wire ring 10-j as a whole is 
folded into a regular wavy shape with the dividing points 
41 1( 43-| forming forwardly directed peaks and other 
dividing points 42^ , 44<\ forming the bottoms of forwardly 
directed valleys. The intermediate wire rings 12 and the 
rear end wire ring 10 2 also begin to transform into a 
wavy shape having the same phase as that of the front 
end wire ring 10 1( as shown in Fig. 22, because both of 
them follow the movement of the front end wire ring 10 1 
toward the tubular connector 18b with picked by forceps 
19. If focused on the intermediate wire ring 12, as the 
intermediate wire ring 12 is, as shown in Figs. 23 and 
24, fixedly attached to the tubular cover 7 only at the 
points 51 3 , 52 3 , 53 3 , 543 of the circumference thereof 
each of which corresponds to the midpoints between 
two adjacent dividing points, the points picked by the 
forceps 19 protrude forward and other points is left 
behind with the above-mentioned points 51 3 , 52 3 , 53 3 , 
54 3 serving as fulcrum, thereby to cause the intermedi- 
ate wire ring 12 twisted and transformed into a wavy 
shape without dragging the tubular cover 7. 
[0055] Under this condition, the forceps 19 are with- 
drawn from the funneled tube 1 8 and the front pull string 
20 is pulled forward to farther introduce the artificial 
blood vessel A into the cartridge 6. As the front pull 



string 20 is pulled forward, the pulling force applied to 
the front end wire ring 10i is transmitted through the 
tubular cover 7 to the intermediate wire rings 1 2 and the 
rear end wire ring 10 2 , thereby to cause the intermedi- 
5 ate wire rings 1 2 and the rear end wire ring 1 0 2 to follow 
the movement of the front end wire ring 10^ With the 
artificial blood vessel A perfectly contained in a car- 
tridge 6 as shown in Fig. 25, the intermediate wire rings 
12 and the rear end wire ring 10 2 are collapsed into a 
to small size to take a wavy shape having the same phase 
as that of the front end wire ring 1 0i as shown in Fig. 26. 
[0056] As the forceps 1 9 are provided with the above- 
mentioned serrate engaging member 19a, they can pick 
up and push the artificial blood vessel A into the fun- 
is neled tube 18 for certain while they can be withdrawn 
from the funneled tube 18 with leaving the artificial 
blood vessel A in the funneled tube 18 by slipping 
smoothly between the artificial blood vessel A and the 
funneled tube 18. As the rings 1 0^ and 10 2 are folded, it 
20 is needless to say that the braid members 10a circum- 
ferentially arranged about the front and rear end wire 
rings 1 0 1 , 1 0 2 are also folded to take a wavy shape with 
following the front and rear end wire rings 10-j , 10 2 . 
[0057] Under the condition, the front pull string 20 is 
25 untied or cut at an appropriate position thereof and 
pulled at its end so as to be withdrawn from the front 
hooking means 13, and the funneled tube 18 is with- 
drawn from the cartridge 6. Consequently, the artificial 
blood vessel A is contained in the straw 64 of the car- 
30 tridge 6, as shown in Fig. 27, and only the balloon cath- 
eter 23 in which the tube 2 is provided is exposed 
outside through the rear end portion 6b of the cartridge 
6 with the check valve 68 opened a little. 
[0058] On the other hand, the catheter 8 has been 
35 previously inserted through as shown in Fig. 28, for 
example, the coxal artery adjacent the groin F into the 
blood vessel 9 as far as the front end of the catheter 8 
has been positioned a little beyond the affected portion 
26 such as an aneurysm of the aorta as shown in Fig. 
40 29. The attachment 5 connected to the open end 8a of 
the catheter 8 is, as shown in Fig. 28, exposed outside 
the body. Next, the straw 64 of the cartridge 6 into which 
the artificial blood vessel A has been inserted is pushed 
into the attachment 5 through the rear end portion 5a 
45 thereof until the big portion 65a makes abutting engage- 
ment with the rear end portion 5a with the check valve 5 
opened as shown in Fig. 28 and the cap 66 is advanced 
to helically connect to the outer surface of the helical 
member 52a. Then the straw 64 of the cartridge 6 is 
so positioned so that the front end 6a thereof is smoothly 
connected to the inner surface of the open end 8a of the 
catheter 8 and this condition is kept by the helical con- 
nection of the cap 66 and the helical member 52a. 
Under the condition, the balloon catheter 23 is gripped 
55 and the balloon catheter 23 is pushed so as to be 
inserted gradually deeply into the catheter 8. As the 
tube 2 is, as shown in Fig. 1 7, connected to the balloon 
catheter 23 through the fixing member 24 and the artif i- 
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cial blood vessel A is held by the tube 2, movement of 
the balloon catheter 23 causes the artificial blood vessel 
A to be transported gradually to the deep position in the 
body. The balloon catheter 23 is pushed until the front 
end of the tube 2 is positioned at the front end of the 
catheter 8, as shown in Fig. 29. At this time the artificial 
blood vessel A is positioned at the affected portion 26 
as the target position. Then, as the catheter 8 is with- 
drawn as shown in Fig. 30, with the balloon catheter 23 
and the tube 2 into which the wire 3 is inserted left at the 
objective position, the collapsed artificial blood vessel A 
in the catheter 8 is released at the affected portion 26 in 
the blood vessel 9 while expanding gradually from the 
front end as shown in Figs. 30, 31 and 32. The released 
artificial blood vessel A is restored to its original tubular 
shape and urged against the inner wall of the blood ves- 
sel 9. In other words, when the artificial blood vessel A 
collapsed into small as shown in the figures is released 
from the catheter 23, each of the quadrisecting points 
elastically restores to a direction generally perpendicu- 
lar to the blood vessel 9. Consequently, the artificial 
blood vessel A restores itself with each end portion 
thereof open and the internal space of the artificial 
blood vessel A is not closed by the internal wall of the 
blood vessel 9. Then the f ixing member 24 shown in Fig. 
17 is loosened to disconnect the balloon catheter 23 
from the tube 2, and the balloon catheter 23 is 
advanced along the tube 2 into the artificial blood vessel 
A with the tube 2 kept at the objective position as far as 
the front end of the balloon catheter 23 reaches the front 
end of the artificial blood vessel A as shown in Fig. 33, 
whereupon the balloon 23b is inflated by introducing air 
through the opening 23c as shown in Fig. 33 thereby to 
restore the artificial blood vessel A completely to its 
original shape and securely fix it onto the inner wall of 
the blood vessel. At this time the thorns 12a-j stick into 
the inner wall of the blood vessel 9 and are embedded 
therein. After the artificial blood vessel A has been thus 
fixed, the balloon 23b of the balloon catheter 23 is 
deflated by drawing air through the opening 23c and the 
balloon catheter 23 is pulled out from the artificial blood 
vessel A by pulling the pipe 23a rearwardly. Then it is 
confirmed that the artificial blood vessel A has been 
fixed onto the inner wall of the blood vessel 9, and then 
the wire 3 is pulled out of the tube 2. As the front end of 
the wire 3 passes the rear edge of the side window 1 of 
the tube 2 as shown in Fig. 13, the loop portion 4a of the 
string 4 that has been caught by the wire 3 at the side 
window 1 is released from the wire 3. Under the condi- 
tion, when the tube 2 is pulled out, the string 4 slips out 
of the front hooking means 13 of the artificial blood ves- 
sel A. The balloon catheter 23 and the tube 2 are then 
connected again by the fastener 24 and pulled out of the 
human body with only the artif icial blood vessel A left at 
the desired position in the blood vessel 9. 
[0059] As mentioned above, in accordance with the 
invention, the artificial blood vessel A is implanted into 
the affected portion 26, and restored to its original 



shape thereby to effectively prevent occlusion of the 
affected portion 26 in the blood vessel 9. With the 
above-mentioned artificial blood vessel A and its col- 
lapsing method, the artificial blood vessel A can be col- 
5 lapsed with ease and accuracy. In other wards, as the 
intermediate wire ring 1 2 is collapsed into a wavy shape 
having the same phase as that of the front end wire ring 
1 0-i , to put it in an extreme way each of the points 41 3 ~ 
443 on the circumference corresponding to the dividing 
10 points 41 -i ~ 44-1 forms a peak of a mountain or a bottom 
of a valley formed between two mountains by taking 
turns while the positions 51 3 ~ 54 3 corresponding to 
midpoints 51 , ~ 54, between each adjacent two of the 
dividing points move neither frontward nor rearward at 
15 all. As the intermediate wire rings 12 are fixedly 
attached to the tubular cover 7 at the points 51 3 ~ 54 3 , 
the portions of the intermediate wire ring 12 which bent 
most when being folded are free of the tubular cover 7. 
This makes the intermediate wire ring 1 2 free from drag- 
20 ging resistance from the tubular cover, thereby to 
secure the free movement to be collapsed with ease. In 
addition, as the intermediate wire ring 12 is collapsed 
into a wavy shape as well as the front end wire ring 10 1t 
the whole artificial blood vessel A can be folded into a 
25 small size and even through a relatively bulky artificial 
blood vessel A can be effectively transported to the 
affected portion 26 through a catheter 8. In addition, if 
the artif icial blood vessel A is released at a target posi- 
tion in a blood vessel, the dividing points 41 1 ~ AA^ and 
30 the intermediate wire rings 1 2 are restored toward right- 
angled direction to the blood vessel together with the 
front end wire ring 10 1t and the artificial blood vessel A 
does not close the inner space thereof. This certainly 
improves a rate of successful implantation. 
35 [0060] In this embodiment, as the flexible braid mem- 
bers 10a are circurrrferentially arranged on the front and 
rear end wire rings 10^ 10 2 of the artificial blood vessel 
A, the inner wall of a human organ can be prevented 
from being damaged by direct contact with the front and 
40 rear end wire rings 1 0i , 1 0g in addition to the advantage 
that both ends of the implanted artificial blood vessel A 
can be sealed tightly to the inner wall of a human body, 
thereby to effectively prevent leakage of blood through 
the ends of the artif icial blood vessel A 
45 [0061 ] In this embodiment as the thorns 1 2a^ project 
from the intermediate wire rings 12, they stick into the 
inner wall of a human organ to be embedded therein so 
that the whole artificial blood vessel A is fixed to the 
human organ. Therefore, after the artificial blood vessel 
so A has been implanted in the human organ, the thorns 
12a! effectively prevent displacement of the artificial 
blood vessel A. which may cause the vessel A to be car- 
ried by blood flow downstream in the blood vessel. 
[0062] In this embodiment, as the number of the divid- 
55 ing points is set four, it is possible to make effective use 
of the forceps 19. In other words, as described above, 
when whole of the artificial blood vessel A is picked by 
forceps 19 along the generatrices / 5 , / 6 which pass 
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through two points 41 1( 43-, of the front end wire ring 
each of which has hooking means 13 and is arranged 
face to face and is inserted into the funneled tube 18, 
the points picked by forceps 19 are carried ahead from 
the enlarged inlet opening 18a to the tapered inner sur- 
face 1 8d of the funneled tube 1 8 and the dividing points 
42 1 , 44 1 each of which is not provided with the hooking 
means 13 gradually approach each other with the 
movement of following the dividing points 41 1t 43 1 
restrained by abutting engagement with the tapered 
inner surface 18d of the funneled tube 18 which pre- 
vents to follow. Consequently the artificial blood vessel 
A is collapsed into a regular wavy shape with the points 
picked up by forceps 19 forming forwardly directed 
peaks and the midpoints forming the bottoms of for- 
wardly directed valleys. The same is true with the inter- 
mediate wire rings 1 2 so that the intermediate wire rings 
12 easily transform into a wavy shape having peaks and 
valleys with the points 51 3 , 52 3 , 53 3 , 54 3 on the circum- 
ference thereof corresponding to the midpoints between 
two adjacent dividing points of the front end wire ring 
1 0! serving as fulcra, thereby to make the movement of 
being collapsed easy and accurate. 
[0063] The serrate engaging member 1 9a provided on 
the picking surface of the forceps 1 9 makes it very easy 
to insert or withdraw the forceps 19, as the serrate 
engaging member 19a facing against the direction to be 
inserted is useful to transform the urging force applied 
to the forceps 19 into a propelling force to the artificial 
blood vessel A when the artificial blood vessel A is to be 
inserted, while the serrate engaging member 19a facing 
for, the direction to be inserted makes it possible to with- 
draw the forceps 19 from the funneled tube 18 with the 
artificial blood vessel A in the funneled tube 1 8 left with- 
out dragging the artificial blood vessel A. 
[0064] In addition, the device £ for introducing the arti- 
ficial Wood vessel makes it extremely easy and smooth 
to introduce the artificial blood vessel A into the catheter 
8. In other words, the reason why the device £ is com- 
posed of the attachment 5 and the cartridge 6 each of 
which has a check valve 55, 68 is not only to prevent 
blood from flowing backward but also to provide a strong 
portion with the device Q to be handled easily. Espe- 
cially in this embodiment, the cap 66 is helically 
attached to the outer surface of the helical member 52a 
so as to joint the cartridge 6 and the attachment 5 liq- 
uidtightly. Consequently, excessive bleeding while the 
cartridge 6 is pulled out of the attachment 5 can cer- 
tainly be prevented as well as the front end of the straw 
member 64 of the cartridge 6 can be kept to make a 
smooth connection with the internal surface of the open 
end 8a of the catheter 8. In addition, as the above-men- 
tioned cartridge 6 can be attached to the attachment 5 
with accuracy as long as the length of the straw member 
64 projecting from the guide pipe 65 remains the same, 
the cartridge 6 can easily be applied to the artificial 
blood vessel A in variety of length by changing the 
length of the guide pipe 65 or of the straw member 64. 



[0065] This invention is not limited to the above-men- 
tioned embodiments. For example, if the vessel of the 
affected portion where the artificial blood vessel is to be 
implanted is different from the above mentioned and 

5 bifurcated, it is effective to use the artificial blood vessel 
D shown in Fig. 34. The artificial blood vessel D is to be 
implanted, for example, into the blood vessel of the 
groin. The artificial blood vessel Q has fundamentally 
the same arrangement as that of the above-mentioned 

10 embodiment. This artificial blood vessel D, however, is 
for fitting the shape of the blood vessel into which the 
artificial blood vessel D is implanted characterized by 
that a single front end wire ring 1 1 0 1 is arranged face to 
parallely arranged two rear end wire rings 1 10 2 each of 

15 whose diameter is smaller than that of the front end wire 
rings 1 10! , and a bifurcated tubular cover 107 connects 
the front end wire rings 1 1 0^ and two rear end wire rings 
110 2 . And intermediate wire rings 112 1 each of whose 
diameter is generally the same as that of the front end 

20 wire rings 110i are arranged at the position whose 
diameter is the same as that of the front end wire ring 
1 10-|, while intermediate wire rings 1 12 2 each of whose 
diameter is generally the same as that the rear end wire 
ring 1 1 0 2 are arranged at the position whose diameter is 

25 the same as that of the rear end wire ring 1 1 0 2 . Each of 
the intermediate wire ring 112 1f 112 2 is fixed to the 
cover 107 at a plurality of separate positions on the cir- 
cumference thereof as the same as in the former 
embodiment. 

30 [0066] On the other hand, the artificial blood vessel D 
which has been previously collapsed into small is 
inserted into the catheter and transported to a target 
organ. The method of collapsing the artificial blood ves- 
sel D. will be described. A pair of strings 100 1t 100 2 are 

35 attached to each of the wire rings 110^ 112 1$ 112 2 , 
1 10 2 of the artificial blood vessel D at the points where 
each of the wire rings 110^ 112-,, 112 2 , 110 2 is fixed to 
the tubular cover 1 07. The intermediate wire ring 1 12 1 is 
represented for concrete explanation. First, the string 

40 100! is kept folded at the center thereof hooked by a 
needle for operation. In this state the string 100! is 
wound around the intermediate wire ring 112! clockwise 
by making use of the needle until it reaches the back- 
ward of the intermediate wire ring 1 1 2! as shown in Fig. 

45 36, and then sewed up at a plurality of separate posi- 
tions with the needle. The positions at which the string 
100! is sewed up fall on the generatrices corresponding 
to the midpoints between two adjacent dividing points of 
the front end wire ring 1 1 0 1( and in this embodiment the 

so string 1 00! is sewed up at two positions. The string 1 00! 
is preferably sewed to the protective film (like the protec- 
tive film 12b in Fig. 2) which covers the surface of the 
intermediate wire ring 112 1p but may be sewed to the 
tubular cover 1 07 as long as the artificial blood vessel D 

55 is kept liquidtight. Likewise another string 1 00 2 is wound 
around the intermediate wire ring 112 n counterclock- 
wise and then sewed up at positions symmetric to the 
string 100!. Next, insert a rod 1 15 into the artificial blood 
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vessel Q for helping the artificial blood vessel D be col- 
lapsed. Loop portions lOOa^ 100a 2 each formed at 
each of the tip of a pair of strings 100 1t 100 2 are over- 
lapped, into which a retaining rod 114 is inserted and 
then end portions 100b!, 1001^ of the strings 100-,, 
100 2 are tied together. The artificial blood vessel D is 
helped to be collapsed by a finger or the like, if neces- 
sary. The intermediate wire ring 112 n is gathered so that 
the points corresponding to the midpoints between two 
adjacent dividing points approach the rod 115 as a 
string is passed through each of the points, thereby to 
be collapsed into a wavy shape with the dividing points 
between the points at which the string is sewed up form- 
ing the bottoms of valley and the peaks in turn as shown 
in Fig. 37. This operation is done to each of the wire 
rings 110 1f 112 1( 112 2 , 110 2 . The consequence is 
shown in Fig. 35. As it is clear in Fig. 35, there are two 
retaining rods in this embodiment. The longer retaining 
rod 11 4! retains the area from the front end wire ring 
110! to one of the rear end wire ring 110 2 to be col- 
lapsed, and the shorter retaining rod 1142 retains the 
area from the intermediate wire ring 1 12 2 located at the 
divergence to the other rear end wire ring 110 2 to be 
collapsed. 

[0067] The retaining rod 1 14 comprises a tube 1 14a 
and a wire 114b which is inserted into the tube 114a. 
The tube 1 1 4a is drawn out and only the wire 1 1 4b is left 
after the artificial blood vessel Q is kept in a collapsed 
condition. Although the wire 1 14b is smaller in diameter 
than that of the tube 1 1 4a, the wire 1 14b can effectively 
bind the strings. In addition, the wire 1 14b can be flexi- 
bly transformed into a bending portion of the transport- 
ing course as softer than the tube 1 1 4a. In other words, 
the tube 1 1 4a is temporarily used to make it easy to fold 
the artificial blood vessel and is drawn out together 
with the rod 1 15 after the artificial blood vessel D is col- 
lapsed into a small size. 

[0068] Thus folded artificial blood vessel D is trans- 
ported to and implanted into a target position, namely, a 
bifurcated affected portion by means of the method in 
accordance with the embodiment, in this embodiment, 
three devices B 2 , B 3 for transporting the artificial 
blood vessel are used as shown in Fig. 38. The first 
device B-t for transporting the artificial blood vessel is 
the same as that used in the former embodiment, 
namely, the one which is inserted into the tube 23a of 
the balloon catheter 23 with the front tip passed through 
the artificial blood vessel D and projecting to reach the 
most front position and keeps a front end wire ring 110! 
with a string hooking a front hooking means 1 13 of the 
front end wire ring 1 10-j. The second device B 2 for trans- 
porting the artificial blood vessel is inserted into an 
elongated hole formed on the thickness of the tube 23a 
of the balloon catheter 23 with the front tip thereof 
drawn outside in front of the balloon 23b and keeps a 
rear end wire ring 1 10 2 with a string 104 hooking a rear 
hooking means 1 1 3a of the rear end wire ring 1 1 0 2 . The 
third device B 3 for transporting the artificial blood vessel 



is arranged parallel to the balloon catheter 23 and 
keeps another rear end wire ring 1 10 2 with a string 104 
hooking a rear hooking means 1 1 3a of the rear end wire 
ring 1 1 0 2 . The tube 1 02 of the device B 3 for transporting 

s the artificial blood vessel is of especially softer material 
than that of other devices for transporting the artificial 
blood vessel. The tube 102 of the device B3 for trans- 
porting the artificial blood vessel is provided with an 
elongated hole formed on the thickness thereof as well 

10 as the former embodiment, into which the retaining rod 
114 2 is inserted and passed through. Each of these 
devices B-i ~ B 3 for transporting the artificial blood ves- 
sel is inserted into a body through the cartridge 6 and 
the attachment 5 of the former embodiment. As the 

15 devices , B 2 are attached to the balloon catheter 23, 
they can pass liquidtightly through the cartridge 6 and 
the attachment 5 with the check valve 68 of the car- 
tridge 6 and the check valve 55 of the attachment 5 
pushed to open a little. However, if the device B 3 is 

20 inserted into the check valves 68, 55, opening is formed 
between the device B 3 and each of the check valves 68, 
55, thereby causing to decline liquidtightness. Then for 
using the device B 3 , another hole (not shown in Figures) 
corresponding to the device B 3 should be provided at 

25 the position deviating from the center of each check 
valves 68, 55. 

[0069] Next, the process of implanting the artificial 
blood vessel Q will now be described below. First, the 
device B-j is pushed by making use of the balloon cath- 

30 eter 23 then like the former embodiment the balloon 
catheter 23 is inserted into the catheter through the 
blood vessel of the groin. Next, the artificial blood vessel 
D is, as shown in Fig. 40, released at the target position, 
in particular, the bifurcated affected portion. The artifi- 

35 cial blood vessel Q is kept in a condition of being col- 
lapsed by the retaining rod 114 1f 114 2 . The artificial 
blood vessel D is located at a trunk of the blood vessel 
a little passing the affected portion by adjusting the posi- 
tion frontward of rearward with making use of the 

40 devices B 1( B 2 . Then the device B 3 is pushed into a 
body through the catheter 8. As the device B 3 is made 
of soft material, it can be slacked off toward a predeter- 
mined direction near the affected portion if a J-shaped 
guide pipe F or the like is appropriately used as shown 

45 in Fig. 41 . Under the condition, a catcher E for catching 
the device for transporting the artificial blood vessel is 
introduced near the affected portion through the cathe- 
ter from another bifurcated portion of the groin. The 
catcher E comprises a tube e 1f a wire e 2 inserted into 

so the tube , and a U-shaped hook e 3 formed at the front 
tip of the wire e 2 and which is projecting from the tube 
e 1t and is so constructed that the wire e 2 projects out of 
the tube , the hook e 3 opens at the position where the 
wire e 2 projects and that the hook e 3 closes by the tube 

55 e! at the position where the wire e 2 is inserted into the 
tube ev The device B 3 which has previously slacked off 
is caught by making use of the catcher E and then 
drawn out of the body through another portion of the 
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bifurcated groin. After all of the devices B 1t B 2 , B 3 are 
drawn out from right and left portion of the groin as 
shown in Fig. 42, pulling force toward the direction 
shown by the arrow in the figure is applied to the rear 
end wire rings 110 2 of the artificial blood vessel D by 5 
making use of the devices B 2 and B 3 . Then each of the 
rear end wire rings 1 10 2 of the Y-shaped artificial blood 
vessel Q is drawn from a trunk of the blood vessel into 
each of the bifurcated branches of the blood vessel. 
After the artificial blood vessel D is arranged along the 10 
bifurcated blood vessels as shown in Fig. 43, the wire of 
the retaining rod 1 14 1f 1 142 e* ch attached to the device 
B 1( B 3 respectively for retaining the artificial blood ves- 
sel £ in a collapsed condition is pulled out, thereby to 
release the artificial blood vessel Qfrom being folded in 
a small size. Then the artificial blood vessel D is 
restored as shown by imaginary lines in Fig. 43 and 
implanted into the internal wall of the affected portion, 
namely, the bifurcated blood vessel. Finally, each wire of 
the devices B 1f B 2 , B 3 is pulled out, thereby to release 
the front and rear hooking means from being kept, 
which makes it possible to draw the devices B 1t B 2 , B 3 
out of the body. 

[0070] In accordance with the method of implanting 
the artificial blood vessel D, it is possible to implant an 
artificial blood vessel into an affected portion with non- 
operational method even though the affected portion 
falls on the bifurcated blood vessel. The artificial blood 
vessel D is not always necessary to be folded into a 
small size beforehand by means of strings 100 1t 1 00 2 , it 
may sometimes be implanted through a catheter 8 just 
being collapsed into a small size as well as the simple 
cylinder-shaped artificial blood vessel A as shown in 
Fig. 1 . The rear hooking means 1 13a for pulling the rear 
end wire ring 1 10 2 and the second device B 2 for trans- 
porting the artif icial blood vessel may be applied to the 
rear end wire ring 10 2 of the artificial blood vessel A 
shown in Fig. 1 . This makes it possible to move the arti- 
ficial Wood vessel A by adjusting the position of the arti- 
ficial Wood vessel A rearward or forward, after the 
artificial blood vessel A is released from the catheter 8 
at the affected portion 26, thereby to implant the artifi- 
cial blood vessel A with accuracy. 
[0071] The artificial blood vessels may be restored in 
a cartridge by pulling out the retaining rod. It is effective 
that the artificial blood vessels partially comprise a 
string of gold which can be X-rayed so as to monitor the 
implanted condition of the artificial blood vessel. 
[0072] The invention is not limited to the above-men- 
tioned embodiments. For example, in the above embod- 
iment, the front end wire ring has its circumference 
divided into four equal arcs to set four dividing points. As 
shown in Fig. 44, a front end wire ring 21 0, may have its 
circumference divided into eight arcs to set eight divid- 
ing points 241-t, 242 1( 243 1f 244 1t 245 1f 246 1f 247 1t 
248^ four of which 241 1( 243-,, 245^ 247 1 are provided 
with a hooking means and other four 242-,, 244 1t 246 1( 
248-, are not provided with a hooking means. As shown 



in Fig. 45, a front end wire ring 310! may have its cir- 
cumference divided into six arcs to set sic dividing 
points 341 1p 342 1( 343 1( 344 1( 345! , 346! , three of 
which 341 1( 343! , 345! are provided with a hooking 
means and other three 342!, 344i, 346! are not pro- 
vided with a hooking means. 
[0073] In the above embodiment, the device for trans- 
porting the artificial blood vessel is provided with a pair 
of strings with loop portions. The strings need not 
always be provided in a pair. However, the strings pro- 
vided in a pair are effective because a balanced pulling 
force can be applied to the artificial blood vessel. The 
loop portions may be twisted as a whole. A device for 
transporting the artificial blood vessel comprising only a 
tube and a wire and which is not provided with strings 
may be used. For example, as shown in Fig. 46, front 
hooking means 413 formed on the front end wire ring 

410! are made a ,itt,e ,on 9 er » each of lo °P P ort ' ons of 
the front hooking means 413 are overlapped, and a wire 
20 403 pulled out of a side window 401 of a tube 402 is 
passed though and inserted into the overlapped loop 
portion so as to keep the artificial blood vessel. If there 
is no trouble to form holes directly on the tubular cover, 
it is also possiWe to keep the artificial blood vessel by 
25 means of a wire and a tube with making use of the holes 
as a hooking means. 

[0074] Therefore, such a device for transporting the 
artificial blood vessel can be used to a patch to close a 
hole formed on a heart or the like. 
30 [0075] The intermediate wire rings 112 may be 
bridged by a supporting rod 500 as shown in Fig. 34. 
The supporting rod 500 attached to the intermediate 
wire rings 112 improves the tubular shape of the artifi- 
cial blood vessel Q in the strength and the construction. 
35 The supporting rod 500 may be attached to the front or 
rear end wire ring 1 10 1t 1 10 2 . If the supporting rod 500 
is fixed to the same position on the circumference of the 
front or rear end wire ring 1 1 0 ! , 1 1 0 2 as that of the inter- 
mediate wire ring 112, it does not prevent the artificial 
40 blood vessel 12 from being folded. 

[0076] In order to collapse the artificial blood vessel A, 
into a small size by inserting it into a tunneled tube 18 
from a big portion 18a toward a small portion 18b the 
artificial blood vessel £ may be previously contained in 
45 a pipe member 600 having a diameter bigger than that 
of the small portion 18b of the tunneled tube 18 and 
smaller than that of the big portion 18a of the tunneled 
tube 18 as shown in Fig. 47. Just inserting the pipe 
member 600 into the tunneled tube 18 so as to make 
so abutting engagement with the inner surface of the tun- 
neled tube 18 and pulling out the artificial blood vessel 
A from the side of the front end wire ring enables the 
artificial blood vessel A to be collapsed into a smaller 
size so as to be inserted into the small portion 18b of 
55 the tunneled tube 1 8 and a catheter. 

[0077] In addition, as shown in Fig. 48, two the artifi- 
cial blood vessel A 1f A 2 may be prepared and the front 
end wire ring 10! ° f * he social blood vessel A 2 which 
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is to be inserted later locates in front of the rear end wire 
ring 10 2 of the artificial blood vessel A 2 which is to be 
inserted former so that the artificial blood vessel A 1 is 
connected to the artificial blood vessel A 2 with each 
other partially overlapped at the adjacent position. Then 
the whole length of the connected the artificial blood 
vessel can be changed relatively freely by adjusting the 
length of the overlapped portion. This makes it possible 
that the artificial blood vessel A 1( A 2 having the same 
standard can be tailored for the affected portion 28 
whose length or shape varies a little. It is especially 
preferable that the artificial blood vessel A 2 arranged 
downstream has a diameter which is smaller than that 
of the artificial blood vessel A-j arranged upstream and 
that the artificial blood vessel A 2 arranged downstream 
is partially inserted into the artificial blood vessel A-j 
arranged upstream. Thus arranged the artificial blood 
vessel A 1t A 2 are connected smoothly as well as they 
can be implanted satisfactory so as to fit the shape of 
the blood vessel into which the artificial blood vessels 
A 1f A 2 are to be implanted because usually blood ves- 
sels are gradually smaller in diameter from upstream to 
downstream. Of course, even if artificial blood vessels 
have the same diameter, it is not difficult to partially 
insert one of the artificial blood vessels into another just 
by transforming one of the artificial blood vessels. 
[0078] Next, when an artificial blood vessel is to be 
implanted into an affected portion whose shape is bifur- 
cated as described above, a more preferable mode of 
embodying the invention will now be described in detail 
with reference to Figs. 49 through 53. 
[0079] The artificial Wood vessel D shown in Fig. 49 is 
fundamentally the same in arrangement as that of Fig. 
34. Unlike the artificial blood vessel Q which is inserted 
into a catheter 8 with the whole artificial blood vessel £> 
folded into a small size as shown in Fig. 35, in this 
embodiment the artificial blood vessel D is inserted into 
a catheter 8 with only a bifurcated portion of small diam- 
eter folded into a small size as shown in Fig. 49. The 
reason is to prevent the thorn body 12a! from unneces- 
sarily hurt the tissues of the body to be implanted. This 
is done by releasing at least a main portion of the artifi- 
cial blood vessel D at a predetermined position from the 
first so as to avoid adjusting the position of the main 
body after released. The artificial blood vessel D is 
folded into a small size by means of the strings 100 1( 
110 2 and the retaining rod 114 like the embodiment 
explained with reference to Figs. 36 and 37. Then as 
shown in Fig. 49, the artificial blood vessel D is trans- 
ported to a bifurcated affected portion as a target posi- 
tion by means of the above-mentioned three devices B 1t 
B 2 and B 3 for transporting the artificial blood vessel (see 
Fig. 38). Unlike the above-mentioned embodiment, no 
balloon catheter is attached to the first device B^ for 
transporting the artificial blood vessel in this embodi- 
ment, however, it is a matter of course that a balloon 
catheter may be attached if necessary. In this case, the 
balloon catheter is not necessarily inserted into a body 



together with the artificial blood vessel D, but can be 
inserted into a body after the artificial blood vessel £ is 
transported to a target organ in the body. 
[0080] As shown in Fig. 49, the first device B-, for 
5 transporting the artificial blood vessel holds the front 
end wire ring 110«| with the front end thereof passing 
through the artificial blood vessel D and protruding 
toward the forefront. The second device B 2 for trans- 
porting the artificial blood vessel holds one of the rear 
10 end wire rings 1 10 2 with the front end thereof locating 
rear of the artificial blood vessel Q. The third device B 3 
for transporting the artificial blood vessel holds the other 
rear end wire ring 1 10 2 with the front end thereof locat- 
ing rear of the artificial blood vessel O, Like the embod- 
15 iment shown in Fig. 38, retaining rods 1 1 4-, and 1 1 4 2 for 
keeping the artificial blood vessel Q. in a collapsed con- 
dition are attached, although not shown in Fig. 49, to the 
second and the third devices B 2 and B 3 for transporting 
the artificial blood vessel. Especially the third device B 3 
20 for transporting the artificial blood vessel used in this 
embodiment is made of a material more flexible than 
that the other devices B 1 and B 2 are made of. In addi- 
tion, at least the length corresponding to a distance from 
a groin of a thigh to the affected portion of the base end 
25 B 3a of the third device B 3 for transporting the artificial 
blood vessel is made of a guide member b 3x such as a 
helical spring which is not only flexible but also having a 
characteristic that a force can be so transmitted to the 
whole part thereof by manipulating one part thereof that 
30 the whole device B 3 can be freely rotated, inserted or 
pulled. The base end b 3a is bent sideward along the 
length thereof, which makes it possible to change the 
position of the base end b 3a relatively big by manipulat- 
ing the guide member b 3x of the device B 3 . 
35 [0081 ] These devices B^ , B 2 and B 3 are inserted into 
a catheter 8 through the cartridge 6 and the attachment 
5 shown in Fig. 28. As mentioned above, since the 
devices B-| and B 2 are not attached to a balloon cathe- 
ter, the devices B-, and B 2 are bundled together with the 
40 device B 3 and inserted into the cartridge 6 with the 
valve 68 pushed to open. As a result of this, when the 
cartridge 6 is attached to the attachment as shown in 
Fig. 28, bleeding is likely to occur from the portion 
through which the devices B 1( B 2 and B 3 are inserted. 
45 Then in this embodiment a sheath 700 to prevent leak- 
age is provided beforehand as shown in Fig. 49 at the 
rear end of the cartridge 6. After the devices B 1f B 2 and 
B 3 are inserted into the cartridge 6 together with the 
artificial blood vessel A the sheath 700 is connected to 
50 the cartridge 6 with the valve 68 pushed to open. In Fig. 
60 the cartridge 6 and the attachment 5 provided 
between the sheath 700 and the catheter 8 are omitted. 
The sheath 700 has fundamentally the same arrange- 
ment as that of the catheter 8 and is provided with a 
55 valve 701 at the rear end thereof. At the center of the 
valve 701 provided is a hole 71 1 which can be pushed 
to open against the elasticity of the valve 701 as shown 
in Fig. 51. The valve 701 is also provided with other 
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three holes 712 each of which locates radially and 
equally distant from the center of the valve 701 and the 
distance between each adjacent hole 712 is the same. 
Between the hole 711 and each of the holes 712 pro- 
vided is thick embankment 713 so as not to be easily 5 
connected through both of the holes 71 1 and 712 each 
other because of breakage. In this embodiment the first 
device B-) is inserted into and passed through the hole 
71 1 and each of the second and third devices B 2 and B 3 
is inserted into and passed through two of the three w 
holes 712 respectively. Instead of the valve 701 , a valve 
702 as shown in Fig. 52 may be used. The valve 702 
has holes 721 and 722 at the positions corresponding to 
the holes 711 and 712 of Fig. 51. On the circumference 
of each hole 721 and 722 provided are annular project- 15 
ing portions 721a and 722a whose inside is dent to 
make thin. Thus arranged valve is effective for prevent- 
ing breakage between the hole 721 and the holes 722. 
The device B 3 is inserted into and passed through the 
catheter 8 through a guide pipe H as shown in Fig. 49. 20 
The guide pipe H is so arranged that the base end h 1 
locates out of the sheath 700 and the front end h 2 
passes through the sheath 700 and a catheter 8 and 
then locates near a bifurcated affected portion. At the 
base end of the guide pipe H provided is a valve 70 2 s 
as shown in Fig. 53. The valve 70 is provided with two 
holes 70a and 70b which can be pushed to open 
against elasticity of the valve 70 and into which the front 
end of the device B 3 is inserted. 

[0082] Next, the process of implanting the artificial 30 
blood vessel D will be described below. Like the process 
shown in Fig. 25, first, the first device B v the second 
device B 2 and the guide pipe H are inserted into the car- 
tridge 6 together with the collapsed artificial blood ves- 
sel B. by pushing to open the hole of the valve 68. The 35 
third device B 3 is inserted into the guide pipe H through 
the hole 70a of the valve 70 provided at the base end h 1 
of the guide pipe H. Next, the sheath 700 is inserted into 
the cartridge 6 by pushing to open the valve 68 provided 
at the rear end of the cartridge 6. Since the devices , 40 
B 2 and B 3 are inserted into and passed though the 
holes 711 and 712 of the sheath 700 beforehand as 
mentioned above, (the third device B3 is inserted into 
the guide pipe H) when the front end of the sheath 700 
is inserted into the cartridge 6 through the valve 68, 45 
inside the cartridge 6 is connected through inside the 
sheath 700 and the inner space is liquidtightly sealed 
from outside of the valve 701. After the artificial blood 
vessel D is transported to a predetermined position 
beyond groin of the bifurcated affected portion by so 
manipulating the first device B 1( the artificial blood ves- 
sel Q is released from the catheter 8 as shown in Fig. 
49. Accompanying to the artificial blood vessel D, the 
second and third devices B 2 and B 3 are dragged and 
introduced into the body. The third device B 3 is intro- ss 
duced into the body accompanying to the guide pipe H. 
The artificial blood vessel D is released after the main 
portion of the artificial blood vessel 0. is arranged at the 



predetermined position. The bifurcated portion of the 
artificial blood vessel 0. is kept in a collapsed condition 
by the retaining rod 114i and 114 2 shown in Fig. 38 
after released. In this step, another bifurcated rear end 
wire ring 110 2 is pushed to the bifurcated portion as 
shown by the arrow Z in Fig. 49 by means of the third 
device B 3 . Next, in this embodiment the base end b 3a of 
the third device B 3 is turned down and inserted into the 
guide pipe E More specifically, the base end b 3a of the 
third device B 3 is pushed to open the hole 70b of the 
valve 70 shown in Fig. 53 so as to be inserted into the 
guide pipe H. After this, the guide member fc^ is 
gripped so as to push and transport the third device B 3 
until the base end b 3a is introduced into the body 
through the front end h 2 of the guide pipe B Under the 
condition, a catcher Q for catching the device for trans- 
porting the artificial blood vessel is introduced into near 
the affected portion through the catheter K from another 
bifurcated portion of the groin. The catcher Q is made of 
a tube g-i into which two wire members g 2 and g 3 are 
inserted and passed through with both of the front ends 
of the wire members g 2 and g 3 connected to form a 
loop. Concretely the catcher Q is so arranged that a sin- 
gle wire member is inserted into and passed though the 
tube g 1 and then the front end of the single wire member 
is turned down and again inserted into the tube gi 
through the same end of the tube gi from which the sin- 
gle wire member is out. Then when the wire members 
g 2 and g 3 are pushed against the tube gi , the loop pro- 
jecting out of the tube becomes bigger and when the 
wire members g 2 and g 3 are pulled from the tube g-j , the 
loop projecting out of the tube gi becomes smaller. 
Next, the base end b 3a is caught by the catcher Q by 
manipulating the guide member b 3x of the third device 
B 3 and the catcher Q. As mentioned above, the third 
device B 3 is curved around the base end b$ a so as to 
make it easy for the catcher Q to catch the device B 3 . As 
a result of this, it becomes easy to rotate, insert or pull 
the third device B$ by handling the guide member b 3x 
which is out of the guide pipe H. After being caught by 
the catcher Q, the base end b^ is pulled out of the body 
through another groin of the thigh. As the base end b 3a 
is pulled further, the length of the third device B 3 being 
out of the valve 70 of the guide pipe U becomes shorter 
and shorter and finally the third device B 3 strains itself 
between the hole 70a and the hole 70b of the valve 70. 
Then the valve 70 between the hole 70a and the hole 
70b is artificially broken so that the third device B 3 is 
fully contained in the guide pipe H. The valve 70 may be 
broken by a surgical knife, or a stick shaped material. If 
the stick shaped material is left in the guide pipe Jd after 
the valve 70 is broken, it can effectively prevent bleeding 
from the broken part of the valve 70. Next the base end 
b 3a of the third device B 3 is further pulled out of the body 
through another groin of the thigh until only the front end 
of the third device B 3 is left in the body as shown in Fig. 
50. After the third device B 3 is pulled out of the body, the 
rear end wire ring 1 10 2 of the Y-shaped artificial blood 
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vessel D is introduced into an appropriate position of 
another branch from the trunk of the blood vessel by 
being pulled toward the direction shown by the arrow of 
Fig. 50. After the artificial blood vessel D is arranged in 
the appropriate position, the wires of the retaining rods 
11 4-, and 114 2 (shown in Fig. 42) each of which is 
attached to the second and the third devices B 2 and B 3 
respectively are pulled so as to release the artificial 
blood vessel Q. from a collapsed condition. Then the 
bifurcated portions of the artificial blood vessel D are 
restored to the original shape and implanted into the 
bifurcated internal wall of the blood vessel in the 
affected portion. Finally, each wire 3 of the devices B 1t 
B 2 and B 3 (see Fig. 15) is drawn so as to be released 
from the front end wire ring 1 10 1 and the rear end wire 
ring 1 10 2 . Then the devices B 1( B 2 and B 3 can be taken 
out of the body. 

[0083] In accordance with the above-mentioned 
method, the third device B3 can be caught by the 
catcher Q with accuracy without entangling in the artifi- 
cial blood vessel D. More specifically, since the third 
device B3 is inserted into the catheter 8 through the 
guide pipe H in this embodiment, the third device B 3 can 
be isolated from the artificial blood vessel D or the like 
while being transported in the catheter 8, thereby to 
avoid without fail inconvenience of the third device B 3 
entangling in the artificial blood vessel D or the devices 
B 1 and B 2 which may otherwise occur when the third 
device B 3 is directly inserted into the catheter 8 without 
using the guide pipe H. This also avoids inconvenience 
of dragging the artificial blood vessel D or the devices 
B 1 and B 2 . As a result of this, the third device B 3 can be 
introduced into another branch without fail. Since the 
guide pipe hi is arranged with its front tip h 2 closer to the 
bifurcated position of the affected portion than the front 
end of the catheter 8, it becomes easier to catch the 
base end b 3a by the catcher Q. As a result of this, the 
rate of successful implanting can drastically be 
improved. This effect can also be obtained by using the 
J-shaped guide pipe E shown in Fig. 41. However, in 
this embodiment since not only the front end of the 
device B 3 but also the base end b 3a thereof is turned 
down, the base end b 3a can be caught by the catcher Q 
when the base end b 3a projects out of the front end h 2 
of the guide pipe H. Consequently, the position of the 
base end b 3a can freely be adjusted by manipulating the 
guide member b 3x . As a result of this, the device B 3 can 
be caught with higher accuracy by the catcher Q. In 
addition, since the front end of the catcher Q is loop- 
shaped and smooth, there is no danger of damaging tis- 
sues of the body. Further, since the third device B 3 is 
transported in the catheter K in a condition of being 
folded into a V-shape when it is to be taken after caught, 
the base end b 3a of the third device B 3 can be taken out 
of the body without fail. 

[0084] The device B (B 1 , B 2 and B^) for transporting 
the artificial blood vessel can be modified in each of the 
above-mentioned embodiments. The side window 



formed in the tube 2, shown in Figs. 54 through 58, 
comprises the first and the second opening holes 1 1H 
and 12H each spaced apart. The wire 3 pulled out of the 
tube 2 though the first opening hole 11H is hooked by 
5 the strings 4 and then introduced into the tube 2 through 
the second opening hole 12H. Thus arranged device B 
for transporting the artificial blood vessel does not 
require a big opening like the side window shown in Fig. 
5. As a result of this, the tube 2 around the side window 

10 is thick enough to prevent bending, thereby effectively 
improving strength of the device B. In this case the 
cross section of the device B may have a flat portion 2X 
between the opening holes 11 H and 12H as shown in 
Figs. 59 though 63. With the device fi having the flat 

15 portion 2X, the wire 3 pulled out of the first opening hole 
1 1H can be inserted into the second opening hole 12H 
with the wire 3 remaining relatively straight. Then the 
wire 3 can effectively be prevented from bending and it 
also avoids a case that the wire 3 fails to be pulled out 

20 of the tube 2. Fig. 64 shows another cross section hav- 
ing a concaved portion 2Y As a further different modifi- 
cation shown in Figs. 65 though 67, the tube 2 may 
comprise two tube elements 2A and 2B each spaced 
apart, and a connector 2C for connecting the outer cir- 

25 cumferences of both tube elements 2A and 2B. No mat- 
ter what arrangement the tube has, as far as the tube is 
strong enough as a whole, the device for transporting 
the artificial blood vessel can transport artificial blood 
vessels appropriately. The tube comprising two tube 

3 o elements is especially effective for a tube having an 
extremely small diameter. If the tube of an extremely 
small diameter is provided with a side window, the win- 
dow occupies most of the tube, which may weaken the 
strength of the tube. Consequently, the tube comprising 

35 two tube elements 2A and 2B can keep an appropriate 
strength as far as the material used for 2C is strong 
enough. The connector 2C may connect the internal cir- 
cumferences of two tube elements 2A and 2B as shown 
in Figs. 68 though 70. The cross section of the tube ele- 

40 ment 2A, 2B is not limited to a circle as shown in Fig. 69, 
but may be flat or flat with partial circle. In addition, the 
device B for transporting the artificial blood vessel 
shown in Figs. 54 through 70 may not have a string 4. In 
this case, the device S can pull the artificial blood vessel 

45 A effectively if the wire 3 is directly inserted into hooking 
means or a hole directly formed on the cover. 
[0085] On the other hand, as a modification of the arti- 
ficial blood vessel, it is effective to use the artificial blood 
vessel shown in Fig. 71 . The artificial blood vessel P has 

so basically the same arrangement as that of the artificial 
blood vessel A shown in Fig. 1 except that an elastic 
thread 500 (for example, thread of urethane or the like) 
which can expand or contract so as to shrink a length of 
the artificial blood vessel P is embedded inside the 

55 tubular cover 7 along a specified generatrix. Thus 
arranged artificial blood vessel P can be transported in 
the catheter 8 in compact when folded into a small size 
like the above mentioned embodiment. In addition, 
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since the artificial blood vessel P is restored into a 
curved shape as shown in Fig. 71 when released from 
the catheter 8 because the elastic thread 500 restrains 
a part of the artificial blood vessel P from restoring into 
a cylindrical shape, the artificial blood vessel P sticks to 
the blood vessel tightly when implanted into a curved 
affected portion such as a bowed portion of aorta, 
thereby to prevent leakage. This effect can greatly be 
improved if the artificial blood vessel E is used with an 
artificial blood vessel having a bellow portion. 
[0086] It is also effective if a part or whole of the cath- 
eter 8 is made of bellow, although not shown in figures. 
A catheter 8 of a simple cylindrical shape is not only 
easy to break but also difficult to restore if once broken, 
which may lead to stricture in a body While the catheter 
8 made of bellow fits to a bent portion of the body easily 
with forming a natural curve, thereby to effectively avoid 
stricture in a body. Thus bellow-shaped catheter is suit- 
able for transporting various kinds of appliances in addi- 
tion to artificial blood vessels. 
[0087] The device B for transporting the artif icial blood 
vessel used in the above embodiments can be applied 
to pull various kinds of appliances in addition to artificial 
blood vessels so as to introduce them into a body. The 
guide pipe H having valve 70 is also suitable for arrang- 
ing an artificial blood vessel into a bifurcated portion 
having two or more branches. For example, when an 
artificial blood vessel having branches bifurcated from a 
trunk is used for the aorta of a neck, the trunk is 
arranged on the bowed portion of the aorta and the 
branch is introduced into the carotid artery or the upper 
arm artery. In this case the artificial blood vessel can be 
implanted with ease and accuracy by using the guide 
pipe M. Further the valve 68 shown in Figs. 51 and 52 
can be applied when a plurality of devices for transport- 
ing the artificial blood vessel are parallely introduced 
into a body without causing bleeding. 

POSSIBLE APPLICATIONS IN INDUSTRY 

[0088] As mentioned above, the appliance to be 
implanted in accordance with the invention is valuable 
as an artificial blood vessel. It also can be collapsed into 
a small size to take a regular wavy shape having the 
same phase as a whole by means of the method of col- 
lapsing the appliance to be implanted in accordance 
with the invention especially because of smooth move- 
ment of the intermediate wire rings. The method of 
using the appliance to be implanted in accordance with 
the invention makes it possible to implant a Y-shaped 
appliance to be implanted into a bifurcated portion of a 
human organ easily with non-operational method. 
[0089] The artificial blood vessel A comprises a front 
end wire ring 10-j , a rear end wire ring 10a arranged fac- 
ing to the front end wire ring 1 0! , a tubular cover 7 which 
connects the end wire rings 10 1( 10 2 , and a plurality of 
intermediate wire rings 12 arranged spaced apart from 
each other between the front end wire ring 10 1 and the 



rear end wire ring 10 2 . Each of the front end wire ring 
1 0 1 , the rear end wire ring 1 0 2 and the intermediate wire 
rings 1 2 are given flexibly foldable elasticity. The circum- 
ference of the front end wire ring 10-j is equally divided 

5 into four by dividing points 41 ^ , 42-, , 43! , ^ . Hooking 
means 13 are formed for a front pull string to be passed 
through at the dividing points 41 1( 43^ The circumfer- 
ence of the intermediate wire ring 1 2 is fixed to the tubu- 
lar cover 7 by suturing or with adhesive at the positions 

10 51 3 , 52 3 , 533, 54 3 which correspond to the midpoint 51 ^ 
between the dividing points 41 1p 42 1t the midpoint 52^ 
between the dividing points 42 1f 43 1f the midpoint 53 A 
between the dividing points 43 1( 44 1( and the midpoint 
54! between the dividing points 44 1( 41 v 

15 

Claims 

1. A device for introducing an appliance to be 
implanted into a catheter, characterized by com- 

20 prising an attachment provided at the open end of 
the catheter and which is closed at its open end by 
a first valve, and a cartridge removably attached to 
said attachment and having its interior space com- 
municating with the interior space of said catheter 

25 when the cartridge is attached to the attachment 
and its open end closed by a second valve; and that 
the second valve of the cartridge is pushed open to 
introduce the appliance to be implanted into the 
cartridge, the front end portion of the cartridge is 

30 inserted into the catheter by pushing open the first 
valve of the attachment with the second valve of the 
cartridge kept substantially closed, and the car- 
tridge can be fixedly mounted to the attachment at 
a position when the cartridge is inserted into the 

35 attachment. 

2. The device for introducing the appliance to be 
implanted into the catheter described in claim 1 and 
characterized by that the cartridge is helically con- 

40 nected to the attachment when the cartridge is 
inserted into the attachment. 



3. The device for introducing the appliance to be 
implanted into the catheter described in claim 2 and 

45 characterized by that the cartridge comprises an 
end member inside of which the second valve is 
arranged, a straw member which liquidtightly 
extends from one end of the end member, a guide 
pipe whose one end is mounted on the end mem- 

50 ber with the straw member contained therein and at 
the other end of which formed is a big portion and a 
cap which loosely fits over the external of the guide 
pipe; and that the cap can be helically mounted on 
the attachment when the front end portion of the 

55 straw member is inserted into the open end of the 
catheter with the big portion making an abutting 
contact with the end of the attachment. 



EP0 956 833 A2 




EP0 956 833 A2 




EP0 956 833 A2 




533 



EP0 956 833 A2 
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Fig. 19 
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Fig. 39 
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